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Many species of waterfowl undergo a post-breeding
simultaneous flight feather moult (wing moult) which
renders them flightless and vulnerable to predation for
up to 4 weeks. Here we present an analysis of the correlations between individual time-budgets and body mass
states in 13 captive Barnacle Geese Branta leucopsis
throughout an entire wing moult. The daily percentage
of time spent resting was positively correlated with initial body mass at the start of wing moult. Behaviour of
individual birds during wing moult is dependent on initial physiological state, which may in turn be dependent
on foraging ability; the storage of energy before the start
of wing moult will help birds to reduce exposure to the
dangers of predation.
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Most species of waterfowl and several groups of waterbird undergo a complete near-simultaneous moult of
their flight feathers after breeding, rendering them flightless for 3–4 weeks (Piersma 1988a, Jehl 1990, Hohman
et al. 1992). Wing-moulting birds may display marked
changes in their behavioural time-budgets during periods
of flightlessness, possibly in response to the increased
risk of predation and restriction of foraging opportunities
(Owen & Ogilvie 1979, Piersma 1988b, Panek & Majewski 1990, Hohman et al. 1992, Kahlert et al. 1996,
Adams et al. 2000, van de Wetering & Cooke 2000,
Kahlert 2006a, 2006b). For example, birds may become
inactive and rest more, devoting less time to foraging
and maintenance such as preening (Thompson 1992,
Thompson & Drobney 1997, Adams et al. 2000). In
addition, moulting birds may switch from diurnal to crepuscular or nocturnal foraging (Piersma et al. 1988,
Kahlert et al. 1996), reduce dive depths if they feed
underwater (Piersma 1988b), increase vigilance (Kahlert
2003, Döpfner et al. 2009) and ⁄ or reduce vocalizations
to avoid detection by predators (Bailey 1981). Apart
from changes in behavioural time-budgets,, many physiological changes also occur. Studies on wild waterfowl
have shown that during this wing moult period, birds can
lose body mass (Geldenhuys 1983, Sjöberg 1986, van der
Jeugd et al. 2003), increase metabolic rates (Guozhen &
Hongfa 1986) and experience atrophy of the flight
muscles but hypertrophy of the leg muscles (Ankney
1984, Piersma 1988b). Similar behavioural and physiological changes have also been documented in captive
waterfowl (Portugal et al. 2007, 2009a,b, 2010, in press).
Van de Wetering and Cooke (2000) observed that the
degree of physiological change during moult may differ
between individuals within a population of the same
species depending on the physiological state (in this case,
body mass) in which an individual bird had entered wing
moult. Their study showed that heavier male Barrow’s
Goldeneye Bucephala islandica had greater remigial
growth rates and experienced more substantial declines
in body mass (standardized) than lighter birds, suggesting that body stores may be used to increase the rate of
remigial growth. A higher body mass may enable the
birds not only to divert more resources to feather
growth, but also to reduce foraging during wing moult
and live off fat and protein stores, which in turn may
reduce energy expenditure and allow the bird to remain
alert for predators (van de Wetering & Cooke 2000).
Moreover, Portugal et al. (2007, 2009a, 2009b, 2010, in
press) demonstrated that in wing-moulting captive
Barnacle Geese Branta leucopsis, heavier individuals also
lost more body mass per day for the duration of the
flightless period. This suggests that there may be individual differences in moulting strategies and that such differences could be a function of physiological state (sensu
McNamara & Houston 1990) at the start of wing moult.

Energy stores and resting in moulting geese

In this study, we build on the data presented in Portugal et al. (2007, 2009a, 2009b, 2010, in press), who
showed that at a population level, captive Barnacle
Geese increase body mass prior to wing moult, and subsequently spend more time resting. During the wing
moult period, the Geese lost on average 500 g over a
3-week period (Portugal et al. 2007). Here we investigated, at the individual level, the relationship between
physiological state (in this case, body mass) at the start
of wing moult and the amount of time spent resting during the flightless moult period. We assess whether individuals with the highest initial body mass spend more
time resting during wing moult. Because a high body
mass can be the result of large structural size or large
body stores, or both, we also test for the relative effect
of each of these variables while controlling for the other.
We propose that limiting activity during wing moult is
an adaptive strategy to reduce the risk of predation,
while minimizing energy expenditure.

METHODS
Weighing, moult score and structural size
Thirteen Barnacle Geese were obtained as 3-week-old
goslings and maintained under natural light in large outdoor aviaries at the University of Birmingham, UK. The
goslings were obtained from Bentley Waterfowl Park
(Sussex, UK), which has held a self-sustaining captive
population of this species since 1982. The Geese were
fed with a 50–50 diet (Lilico, Surrey, UK) of mixed
poultry corn (4% fat, 12% protein and 71% carbohydrate) and poultry-growers pellets (3% fat, 16% protein
and 61% carbohydrate), and water was available ad
libitum. The aviary (30 · 25m) consisted of three pools,
areas of shrubs, and trees and open grass. Full details of
animal husbandry are described in detail in Portugal
et al. (2007, 2009a, 2009b, 2010, in press).
Throughout 2006, the Geese were weighed at 1- or
2-week intervals to the nearest 5 g. At the time of the
study, the Geese were 2 years old. The flock consisted of
four male birds and nine females, and none of the birds
had ever bred. During weighing, birds were hooded
to reduce stress and placed in a darkened plastic box.
Handling was kept to a minimum. The stage of wing
moult was determined using a six-point classification
moult score system as defined in Portugal et al. (2007,
2009a, 2009b, 2010, in press). Structural size was
assessed using a principal components analysis of 11
morphological measurements (not including mass; Piersma & Davidson 1991) taken from the same individual
Geese. The 11 measurements were based on those
described in Wiklund (1996), but see also Proctor
(1993) for definitions and diagrams of body parts. Parts
measured were: tibiotarsus from the joint with the femur
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to the joint with the tarsometatarsus; foot span, the distance on the ventral side between the tip of the hind toe
and the tip of the middle toe, not including claws; middle toe (digit 3) from the joint with the tarsometatarsus
(visible when the toe was bent slightly downward) to
the posterior end of the middle toe (digit 3) not including the claw (the toe was bent downward and gently
stretched and measured on the dorsal side); head width,
measured across the dorsal surface between the two
eyes; bill length, measured from the base of the maxilla
to the tip of the premaxilla; bill depth, depth of the bill
from top to bottom at the nasal aperture; neck circumference, measured at the base of the neck around fused thoracic vertebrae; tail length, from the pygostyle to the tip
of the central feathers; wing, measured from the chest
flank at the joint between the wing and body (glenoid
fossa), and the radiale ⁄ ulnare region; primary, measured
from the radiale ⁄ ulnare region to the tip of the 9th primary; and body length, from the tip of the beak to the
tip of the central feathers of the tail. All measurements
were made to the nearest mm, using callipers, a ruler or
a tape measure. As well as calculating structural size, we
also determined a measure of initial body stores (van der
Meer & Piersma 1994). This was calculated as the residual of the relationship between structural size and initial
body mass (van der Meer & Piersma 1994, Hayes &
Shonkwiler 2001).
In their study on Barrow’s Goldeneyes, van de Wetering and Cooke (2000) measured feather length during
wing moult and showed that birds that entered the
flightless phase in a better state (i.e. with greater fat
stores) had higher remigial growth rate. It was not possible directly to measure feather growth rate in the current study, as during the previous year (2005) it was
found that regular handling of the Geese to measure
flight feathers caused abnormalities in the feather growth
rate, with growth rate slowing. This response was not
noted when birds were caught to take body mass
measurements, but only when direct measurements of
feathers were attempted.
The activity budgets of the captive Barnacle Geese
were recorded at three points during the year (June,
August and November). Behaviour was recorded at three
times of the day: morning (07:00–12:00 h GMT), afternoon (12:00–17:00 h GMT) and evening (17:00–
22:00 h GMT). Here, only behaviour regarding resting
during the wing moult period (27 July–6 August) is
assessed (see Portugal et al. 2007, 2009a, 2009b, 2010,
in press). Observations were made from a shed a short
distance (approximately 6 m) away from the birds and
were restricted to periods of good weather. Geese were
individually marked with Darvic rings, and an individual
Goose was selected and watched for a total period of
5 min, with activities being recorded at 15-s intervals. If
there was any disturbance during the 5-min observation,
the data were discarded. Seven to 14 individuals were
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sampled each day. In total, 105 observation sessions were
performed. Twenty separate behaviours were recorded
during the study and pooled into six general categories
(Austin 1987, Adams et al. 2000): foraging (including
feeding and pausing), resting (which includes loafing and
sleeping), maintenance (including preening, scratching,
stretching and splash bathing), locomotion (including tail
wagging, walking, swimming, wing-flapping and scooting), social (agonistic and courtship), and alert (including
head raising and inactivity to scan the immediate area).
Mean values were determined for percentage of time
spent resting during the wing moult period for each individual Goose.
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Statistical analysis
The proportion of time spent resting during the wing
moult was investigated as a function of initial body mass,
measured at the commencement of wing moult (moult
score 2) as a linear regression. Secondly, we assessed
whether any effect of mass was due to differences in
structural size or body stores by partial correlations
between percentage of time spent resting during wing
moult and initial body stores and structural size in a
multiple linear regression model. All correlation and
regression analyses, using least-squares linear regression,
were conducted in MINITAB (v. 16; Minitab Inc., Progress
Way, Coventry, UK). In each case, visual inspection of
various residual plots indicated that the assumptions of
linear regression regarding normality and heteroscedasticity were met.
RE SULT S
All Geese increased their body mass in preparation for
wing moult and used their initial body stores during
2.8

Figure 2. Percentage time spent resting during wing moult by
13 Barnacle Geese as a function of initial mass at the start of
wing moult (y = 4.941 + 0.029x, R2 = 0.617, P = 0.001). Two
observations had an initial mass of 2.0 kg and percentage of
time spent resting of 67%.

moult to a varying extent (Fig. 1). Mean body mass at
the start of wing moult was 2015 ± 72 g, and dropped
to a mean body mass of 1567 ± 38 g at the end. Geese
that were heavy at the start of wing moult rested more
(Fig. 2), although this alone did not tell us whether
heavy Geese had large initial body stores or simply a
large structural size The model containing both initial
body stores (i.e. residual initial body mass) and structural
size showed a significant effect on time spent resting by
each of these explanatory variables while controlling for
the other (initial body stores: t = 3.03, P = 0.013, structural size: t = 2.74, P = 0.021, model R2 = 0.626). To
investigate this further, a partial correlation revealed that
47.9 and 42.9% of the variance in time spent resting during wing moult was accounted for by initial body stores
and structural size, respectively (Table 1).

Body mass (kg)
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2.4

Table 1. Zero order and partial correlation statistics for
percentage of time spent resting during wing moult in Barnacle
Geese (n = 13) with body condition and structural size (see
Methods). In the first-order partial correlations the effect of the
other (second independent) variable is accounted for, revealing
the unique relationship between percentage of time spent
resting and each of the two explanatory variables.
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Figure 1. Individual body mass of 13 Barnacle Geese during a
stable period of body mass (April), at the start of wing moult
(early July), and at the end of wing moult (late August).

ª 2011 The Authors
Ibis ª 2011 British Ornithologists’ Union

Body condition
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DI S CU SS IO N
Waterfowl are at their most susceptible to predation
when flightless (Moore 2001, Guillemette & Ouellet
2005) and for adult waterfowl, wing moult can be the
period of highest mortality (Schmidt & Loonen 2006).
Therefore, any mechanism that can decrease exposure
to predators during the vulnerable flightless phase will
increase the likelihood of survival. Increased vigilance
during wing moult has been demonstrated in numerous
species of moulting waterfowl (Kahlert 2003, Döpfner
et al. 2009). For a visually guided forager like Barnacle
Geese, predator detection will be severely reduced during foraging, and generally head-down foraging and
head-up vigilance are mutually exclusive activities (Mayhew & Houston 1989, Guillemain et al. 2002, Portugal
& Guillemain 2011). Our data show that individual
Geese that enter the wing moult phase at a higher mass
spent a greater proportion of their time resting. This
ability was related to the size of the initial body stores
and, to a slightly lesser extent, their structural size.
Thus, heavier Barnacle Geese are able to spend more
time resting, reducing their exposure to potential predation. The captive Barnacle Geese spent significantly
more time resting during wing moult (65%) than during
non-moult periods (46%). Although sleeping forms part
of the resting behaviour (as described in Methods), it
has been demonstrated that birds can remain vigilant
while sleeping through regular ‘peeking’ and through
monitoring the behaviour and movement of conspecifics
(Lendrem 1984, Gauthier-Clerc et al. 1994, 2002,
Gauthier-Clerc & Tamisier 2000, Beauchamp 2009). An
increase in resting behaviour may be an effective energysaving mechanism during egg production in female birds
(Schifferli 1976, Ettinger & King 1979, Houston et al.
1995). By allocating 13% less energy to activity during
the laying period, female Willow Flycatchers Empidonax
traillii are able to compensate for the energy costs of egg
production (Ettinger & King 1979). Similarly, female
Zebra Finches Taenoipygia guttata showed a 65%
reduction in activity, which could result in substantial
savings during egg production and incubation (Houston
et al. 1995).
There could be a threshold in body mass above which
it is possible to live off fat stores entirely during the
flightless period. In Mottled Ducks Anas fulvigula, stored
fat provides, on average, 33% of the total estimated costs
of moult, which equates to approximately 9 days of the
flightless period (Moorman 1993). Therefore, moulting
Mottled Ducks would have to continue foraging during
wing moult to meet the requirements of feather
regrowth. Wing-moulting Common Pochards Aythya
ferina, however, spent on average 90% of their time
resting, and by using fat stores were able to meet up to
94% of their daily energy requirements during wing
moult (Fox & King 2011). Thus, having large fat stores at
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moult onset allows for less time foraging and more time
resting out of the reach of potential predators.
In the present study there was variation between individuals in their moult strategies. None of the Geese
spent 100% of their time resting, suggesting that supplementation from exogenous sources was always required
for every individual. Simple energy balance calculations
can illustrate how those Geese that lose the most mass
during wing moult are able to supply the majority of
their energy requirements from their nutrient stores. If
we assume that protein requirements of wing moult are
met entirely from food intake and that each gram of
body mass loss consists of 30% water and 70% lipid
(Hohman et al. 1992), then 1 g of mass would provide
27.5 kJ. Multiplying this by the total mass lost gives the
range among the Geese of energy provided from stores
(5089–22 558 kJ). If we assume that the Geese are relatively inactive during the 42-day wing moult, then based
on measurements of metabolic rate in the laboratory at
this time (Portugal et al. 2007, 2009a, 2009b, 2010, in
press) the Geese would have an average energetic
requirement of 36 776 kJ (95% confidence intervals:
32 573–40 980 kJ) for self-maintenance and the
demands for growing new feathers. Accordingly, the
mass lost during the wing moult would have provided
between 14% (95% CI: 12–16) and 61% (95% CI:
55–69) of the total energy required. As a result, there
was a negative relationship between percentage energy
supplied from mass loss and time spent foraging
(P = 0.03). These values are maximal estimates, as none
of the Geese rested for 100% of the time (Fig. 2), but
for individual geese that have relatively low energy stores
energy requirements for foraging will be relatively high
as the act of foraging will itself increase metabolic rate
above resting levels (Piersma et al. 2003).
The structural size of the Geese had a significant
effect on time spent resting during wing moult. Size is
known to influence many aspects of life for adult geese,
primarily status within the flock (e.g. Black & Owen
1989). Larger birds are generally more dominant, and
dominance status can enhance individual fitness in various ways, such as privileged access to food resources
(e.g. Poisbleau et al. 2006). In wing-moulting geese, the
prime foraging area is the immediate strip of land adjacent to water, which the geese can return to rapidly
should there be a threat of danger (Owen & Ogilvie
1979, Kahlert 2006a, 2006b). It is likely that this area is
also ideal for resting, and resting on land is preferable to
resting on water, as contact with water increases thermal
conductance by a factor of approximately 2.2 (de Vries
& Eerden 1995). Therefore, a larger structural size helps
to achieve a more dominant status within the flock and
allows an individual bird to rest in the safest locations
during the vulnerable flightless stage.
There are risks associated with having a body mass
that is either too high or too low, and this balance is
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more pertinent during the flightless phase of wing
moult, when the birds are restricted to one foraging area.
If body mass is too low and all food resources are
exhausted, there is risk of starvation. Moreover, if body
mass is too high, it will impair flight manoeuvrability
(Witter & Cuthill 1993, Witter et al. 1994, Dietz et al.
2007) and increase wing loading once flight is regained
on the completion of wing moult. Moulting geese with
large fat stores, therefore, may use these stores to
increase feather regrowth, while ensuring they return to
a suitable mass at the end of wing moult, ready for flight
(Owen & Ogilvie 1979, Zimmer et al. 2010). This balance of having sufficient stores to reduce foraging but
without having excessive mass that would cause problems when flight is regained has been suggested as the
reason that no species of waterfowl studied to date
spend 100% of their time resting during wing moult
(Pehrsson 1987, Panek & Majewski 1990, Moorman
1993). It is thought to be adaptive to not be totally
dependent on body stores and risk being too heavy at
the point at which flight is regained. Our data support
this idea, as none of the individuals gained sufficient
mass prior to wing moult to eliminate foraging during
wing moult, even in the presence of ad libitum food and
no apparent barrier to energy storage. On the other
hand, availability of protein rather than energy (fat)
stores might be the more limiting factor for birds in
order to decrease feeding time and thereby increase resting time throughout moult. Most proteins have no
special storage form but serve specific body functions.
While catabolism of muscle proteins can be the major
source of amino acids for feather synthesis in fasting
moulting birds like penguins (Cherel et al. 1994a,
1994b), it will result in some functional loss. Gaining
flight soon with the end of feather growth is arguably
vital for volant birds but will be hampered with atrophied breast muscles. Indeed, although Barnacle Geese
undergo compensating changes in breast and leg muscles
during moult, total muscle mass remains stable (Portugal
et al. 2009a, 2009b), which can only be achieved by
devoting some time to foraging.
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Döpfner, M., Quillfeldt, P. & Bauer, H.G. 2009. Changes in
behavioural time allocation of Waterbirds in wing-moult at
Lake Constance. Waterbirds 32: 559–571.
Ettinger, A.O. & King, J.R. 1979. Time and energy budgets of
the Willow Flycatcher Empidonax trailli during the breeding
season. Auk 97: 535–546.
Fox, A.D. & King, R. 2011. Body mass loss amongst moulting
Pochard, Aytha farina and Tufted Duck A. fuligula at Abberton Reservoir, South East England. J. Ornithol. 152: 727–
732.
Gauthier-Clerc, M. & Tamisier, A. 2000. Sleep–vigilance
trade-off in Gadwall during the winter period. Condor 102:
307–313.
Gauthier-Clerc, M., Tamisier, A. & Cézilly, F. 1994. Sleeping
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